Abstract
Introduction
Childhood obesity is one of the major public health concerns, and its prevalence has increased over the years [1] . Previous studies found that risk factors for childhood obesity include genetic [2] and lifestyle factors (e.g. lack of physical activity and excess and unhealthy food intake) [1] . Neighbourhood environments have been also considered to be an important risk factor for childhood health problems including obesity [3] [4] [5] . Recent research on neighbourhood environments and health has been driven by two trends within public health and epidemiology [3] :
The first trend is a focus on the neighbourhood social environment that is measured using census characteristics such as socio-economic composition and crime statistics [3] . For example, a previous follow-up study conducted in Sweden found that neighbourhood deprivation was independently associated with increased odds of diagnosed childhood obesity [5] . In addition, a systematic review in the UK found that higher neighbourhood-level deprivation was positively associated with childhood obesity prevalence [6] .
The second trend is a focus on the neighbourhood physical environment that is measured by access to food outlets (e.g. population size per fast-food restraint, distance to usual grocery and fast-food restaurant proximity), access to physical activity (e.g. proximity to play space/ recreational facilities, walkability and sidewalk availability) and other measures (e.g. daily amount of time spent in a car, amount of greenery and metropolitan sprawl index) [3, 7] .
Fast-food diets are often convenient and readily accessible. However, a previous study suggested that children who ate fast food, compared with those who did not, consumed more total energy [8] . Therefore, an important hypothesis to examine is that neighbourhood accessibility to fast-food outlets could be a predictor of childhood obesity. A number of studies have examined this hypothesis, with mixed findings. For example, a previous cross-sectional study conducted in the UK found that accessibility to fast-food outlets was associated with childhood obesity [9] . Conversely, a 3-year follow-up study conducted in the US could not find similar associations [10] . In such studies, longer follow-up periods and larger samples are needed to further disentangle the possible association between neighbourhood accessibility to fastfood outlets and childhood obesity.
It is also important to note that multilevel modelling is needed when examining the possible association between neighbourhood accessibility to fast-food outlets and childhood obesity, since this association could be confounded by neighbourhood-and individual-level socio-demographic factors [7] . However, few studies have investigated whether accessibility to fast-food outlets is associated with diagnosed childhood obesity, after adjustment for neighbourhood deprivation and individual-level covariates by using a multilevel statistical model on a large sample and with an adequate follow-up.
The aim of this 6-year follow-up study in the entire Swedish population was to examine whether neighbourhood accessibility to fast-food outlets is associated with diagnosed childhood obesity. The second aim was to test whether these possible associations remain significant after adjustment for neighbourhood-and individual-level socio-demographic factors.
Material and Methods
Data used in this study were retrieved from national registers that contains information on the entire population of Sweden. The dataset we used contains nationwide information on parents and their offspring at the individual and neighbourhood level, including comprehensive demographic and socio-economic data. The information used in the present study comes from several Swedish national registers. The registers used in the present study were the Total Population Register, the Multi-Generation Register, the Hospital Discharge Register and the Outpatient Register. The Swedish nationwide population and health care registers have exceptionally high completeness and validity [11] . Individuals (children and their parents) were tracked using the personal identification numbers, which are assigned to each resident of Sweden. These identification numbers were replaced with serial numbers to provide anonymity. The follow-up period ran from January 1, 2005 until hospitalisation/out-patient treatment for obesity, death, emigration or the end of the study period on December 31, 2010.
Outcome Variable: Diagnosed Childhood Obesity
The outcome variable in this study was a hospital or out-patient diagnosis of childhood obesity (age at diagnosis 0-14 years) during the study period. Data on in-patient and out-patient diagnoses of obesity for 2005-2010 were retrieved from the Hospital Discharge Register and Out-Patient Register, which contain information on all hospital visits, including diagnoses. We searched these two registers for the International Classification of Diseases 10 (ICD-10) codes E65 and E66, denoting obesity as the main diagnosis during the study period. The serial numbers were used to ensure that each individual appeared only once in the dataset for his or her first diagnosis of obesity during the study period. Males and females with pre-existing obesity, defined as hospitalisation ≤ 5 years before the start of the study, were excluded.
Predictor Variable: Accessibility to Fast-Food Outlets
This study used ready-to-use nationwide Geographic Information Systems (GIS) datasets of business contacts (i.e. goods, services and resources) that was provided to us by the Swedish company Teleadress [12] , the leading provider of Swedish contact information, to collect data on fast-food outlets. Teleadress provides information on practically all businesses and services in Sweden with a registered telephone number and/or businesses that have provided information about their existence to the company. Both government and private entities are included. The database is updated continuously and has a high level of completeness of the data [13] . Data was drawn from 2005, i.e. at baseline.
Neighbourhood accessibility to fast-food outlets (e.g. pizzerias and hamburger outlets) was measured in 2005 as counts per pre-defined area called Small Area Market Statistics (SAMS, provided by Statistics Sweden) by using GIS. Accessibility was defined as the presence within the SAMS unit of at least one feature for the fast-food outlets. The presence of yes/no was chosen to define neighbourhood accessibility rather than linear density because the large majority had no access to the studied resources [13] .
In the present study, neighbourhood of residence was provided to us by the Statistics Sweden via data from the National Land Survey. The home addresses of all individuals had been previously geocoded, allowing us to identify the SAMS units where the participants lived. However, the researchers in the present study had no access to the home addresses of the individuals, in order to ensure all individuals' integrity. SAMS units were used as proxies for neighbourhoods as have been used previously [14] [15] [16] [17] . Each unit contains an average of approximately 1,000 residents in the whole of Sweden and around 2,000 in Stockholm. This study examined only those SAMS units that overlap with 'localities' or urban areas. In Sweden, 'localities' (which are defined by the Statistics Sweden every 5th year) represent any village town, or city with a minimum of 200 residents and adjacent areas where the houses are no more than 200 m apart [18] . We chose to include only SAMS units overlapping with localities because more rural SAMS units have very few goods, services and resources. In 2005, 1,940 Swedish localities were identified by the Statistics Sweden. The GIS were used to overlay the SAMS boundaries with the locality boundaries. Of the total of 9,617 SAMS units in Sweden, 7,945 overlapped with localities and were therefore selected. SAMS units with fewer than 50 people were excluded on the basis that they might yield unreliable statistical estimates in the calculation of the neighbourhood deprivation index. Thus, a final total of 7,279 SAMS units were included in the present study.
In order to investigate the individuals' 'immediate' neighbourhood, we also used buffer zones. The Statistics Sweden provided information about the individuals' land coordinates in squares of 100 × 100 m, ensuring the integrity of the individuals. For each individual, a buffer zone with a radius of 1,000 m was applied, i.e. a distance that most people are willing to walk. Most previous studies used 0.5 mile ( ∼ 800 m) and/or 1 mile ( ∼ 1,600 m), which corresponds relatively well to the present study [19] . The number of fastfood outlets within the buffer zones was calculated using GIS. Accessibility was defined as the presence within the buffer zone of at least one feature for the fast-food outlets.
Individual-Level Socio-Demographic Variables
Sex of child: boy or girl. Age ranged from 0 to 14 years and was divided into three categories: 0-4, 5-9 and 10-14 years. Maternal marital status was categorised as i) married/cohabitating or ii) never married, widowed or divorced.
Family income was calculated as annual family income divided by the number of people in the family. The family income measurement took into consideration the ages of the family members and used a weighted system whereby younger children were given lower weights than adolescents and adults. The final variable was calculated as empirical quartiles from the distribution.
Maternal and paternal educational levels were categorised as completion of compulsory school or less ( ≤ 9 years), practical high school or some theoretical high school (10-11 years), and completion of theoretical high school and/or college ( ≥ 12 years).
Maternal and paternal country of birth: These variables were categorised as Sweden, Western countries (Western Europe, the USA, Canada and Oceania) and others.
Maternal urban/rural status: These variables were included because access to preventive antenatal care may vary according to urban/rural status. Mothers were classified as living in a large city, a middle-sized town or a small town/rural area. Large cities were those with a population of ≥ 200,000 (Stockholm, Gothenburg and Malmö); middle-sized towns were towns with a population of ≥ 90,000 but <200,000; small towns were towns with a population of ≥ 27,000 and <90,000; and rural areas were areas with populations smaller than those of small towns. This classification yielded three equally sized groups.
Mobility: Children were classified as having 'not moved' or having 'moved' to another neighbourhood with the same or a different level of deprivation within 5 years.
Maternal age at childbirth was classified as <30, 30-39, and ≥ 40 years, and paternal age at childbirth was classified as <30, 30-39 and ≥ 40 years.
Maternal, paternal and individual hospitalisations were defined as the first diagnosis from the Swedish Hospital Register during the follow-up period of i) diabetes (ICD-10 E10-E14), ii) chronic obstructive pulmonary disease (ICD-10 J40-J47), and iii) alcohol-related liver disease (ICD-10 F10 and K70).
Because obesity is known to cluster in families, children were classified according to whether or not they had a family history (parents or siblings) of hospitalisation because of obesity.
Neighbourhood-Level Deprivation
A summary index was calculated to characterise neighbourhood-level deprivation. The neighbourhood index was based on information about female and male residents aged 20-64 years because this age group represents those who are among the most socio-economically active in the population (i.e. a population group that has a stronger impact on the socio-economic structure in the neighbourhood than children, younger women and men and retirees do). The neighbourhood index was based on four items: low educational level (<10 years of formal education), low income (income from all sources, including interest and dividends,<50% of the median individual income), unemployment (excluding full-time students, those completing military service and early retirees) and receipt of social welfare. The index of the year 2000 was used to categorise neighbourhood deprivation as low (more than 1 SD below the mean), moderate (within 1 SD of the mean), and high (more than 1 SD above the mean) [20] .
Statistical Analyses
The cumulative rate of obesity was calculated for the total study population and for each subgroup after assessment of neighbourhood of residence for children. Multilevel (hierarchical) logistic regression models were used to estimate odds ratios (ORs) and 95% confidence intervals (95% CIs). The analyses were performed using MLwiN version 2.35 (University of Bristol, Bristol, UK).
Random intercept multilevel logistic regression models were used to allow for the clustering of individuals within neighbourhoods and to estimate the variance in obesity risk that is attributable to neighbourhood characteristics. This approach was used to estimate the intra-class correlation coefficient (ICC), the proportion of variance in the outcome attributable to differences between individuals in different neighbourhoods, in contrast to differences between individuals within the same neighbourhood [21] . The ICC was estimated by applying the latent variable method as exemplified by
where V n is the variance between neighbourhoods and π 2 /3 is the variance between individuals. The proportion of the second-level variance explained by different variables was calculated as
where V 0 is the age-adjusted variance in the initial model and V 1 is the second-level variance in different models. Table 1 shows the population characteristics and number of childhood obesity occurrences. In the total study population (944,487 children), 48.7% were girls, and approximately 1 in 2 children (47.4%) were aged 10-14 years. A total of 6,968 children were diagnosed with obesity during the 6-year follow-up period (January 1, 2005 to December 31, 2010). Cumulatively diagnosed childhood obesity rates increased from 0.4 per 100 in neighbourhoods with low deprivation to 1.1 per 100 in neighbourhoods with high deprivation. Table 2 shows the associations between childhood obesity and accessibility to fast-food outlets in the neighbourhoods (SAMS units). A statistically significant higher odds of childhood obesity for those living in neighbourhoods with accessibility to fast-food-outlets was observed in the unadjusted model (OR = 1.14, 95% CI = 1.07-1.22) (Model 1). The association remained significant, after adjustment for neighbourhood deprivation, individual age and sex (OR = 1.07, 95% CI = 1.00-1.14) (Model 2). The association also remained significant, after adjustment for neighbourhood-level deprivation, individual-level age, sex, maternal marital status, family income, parental educational level, parental immigrant status, region of residence, mobility and parental age at child birth (OR = 1.06, 95% CI = 1.00-1.13) (Model 3). Finally, the association remained significant, after full adjustments of the covariates (OR = 1.06, 95% CI = 1.00-1.13) (Model 4). In addition, the interaction tests were performed to examine potential interactions between neighbourhood deprivation and accessibility to fastfood outlets. The result showed no significant interactions (data not shown). Table 3 shows the associations between the childhood obesity and the 'immediate' neighbourhood accessibility to fast-food outlets in the buffer zones (radius 1,000 m). A statistically significant higher odds of childhood obesity for those living in 'immediate' neighbourhoods with accessibility to fast-food outlets was observed in Model 1 (OR = 1.07, 95% CI = 1.01-1.14). However, no significant associations were found, after adjustment for the covariates (Models 2-4).
Results

Discussion
The main finding of this 6-year follow-up study is that the neighbourhood accessibility to fast-food outlets exerts an independent effect on the odds of childhood obesity ( table 2 ) . Although the OR of the association is not strong (OR = 1.06, 95% CI = 1.00-1.13), it is important to note that our multilevel model was adjusted for neighbourhood-level deprivation and a comprehensive set of individual-level covariates (i.e. age, sex, maternal marital status, family income, parental educational level, parental immigrant status, region of residence, mobility, parental age at child birth, family history of obesity as well as individual and parental hospitalisations). In addition, the crude OR implies that children exposed to fast-food outlets have a 14% actually increased OR of developing obesity. The crude OR is often important for decisions concerning distribution of health care resources, whereas the adjusted ORs are important to determine potential mechanisms.
The results of our study are highly relevant in the understanding of the progress of the epidemic in overweight and obesity seen among school children world-wide as well as in the EU. The WHO has prioritized such data collection, and, today, 35 Member States of the WHO European Region participate in surveillance activities in order to monitor nutrition and prevent overweight and obesity in children [22] . These activities in the EU and the WHO high- light the importance of collecting relevant data for policy developments in the area of combating the emerging obesity epidemic in the European Region.
Our results are consistent with recent research from the UK, where an association between the number of fast-food outlets per area unit and childhood obesity was found [9] . Another study conducted in 8-to 9-year-old Australian children, however, did not find similar associations [23] . One possible explanation for this discrepancy is the definition of neighbourhoods. The Australian study defined neighbourhood accessibility to fast-food outlets based on buffer zones from the children's home address. In the present study, neighbourhood accessibility defined by buffer zone also failed to find significant associations after adjustment for a comprehensive set of covariates ( table 3 ) . The accessibility defined by SAMS ( table 2 ) may more accurately reflect the neighbourhood as SAMS are defined by homogeneous types of buildings and have natural boundaries defined by highways or rivers, whereas buffer zones do not take such natural neighbourhood borders into account. Our results suggest that measuring exposure based on relatively homogeneous neighbourhoods with natural boundaries may be more representative to properly examine the associations between accessibility to fast-food outlets and individual-level obesity. A likely explanation behind the association between neighbourhood accessibility to fastfood outlets and childhood obesity may be the unhealthy diets served on such outlets. Fast food is energy-dense and associated with poor food choices, such as low vegetable and milk intake [8, 24] . Our study has certain limitations. Our results did not take into account individual-level dietary habits and physical activity patterns, which is impossible on an entire population. Although we included data from an entire country, further large-scale studies in other countries are needed to determine whether the findings can be generalised to other cultural settings. This highlights the importance of collecting data from several countries in large collaborative projects, such as in ongoing surveillance activities initiated by the WHO in European countries. It is also important to keep in mind that neighbourhoods that have fast-food outlets may also have other types of health-damaging environments (e.g. high crime rates, low walkability and few green areas), i.e. factors that we partly adjusted for in the present study that included the covariate neighbourhood deprivation. Future studies could explore the associations of fastfood outlets with other physical environmental characteristics in more detail.
The present study has also several strengths. First, the prospective design of our study is stronger than a cross-sectional design, suggesting a potential effect of the exposure. Second, this study analysed data on a large national cohort of children aged 0-14 years (944,487 children), and 6,968 cases with occurrences of obesity were identified during the study period, using data from both in-and out-patients. Third, SAMS units with an average of 1,000 residents were used to define a neighbourhood, which increases the probability that the children were actually exposed to the neighbourhood resources. Finally, the multilevel approach examined the neighbourhood effect on individual-level outcomes, i.e. childhood obesity, after adjustment for neighbourhood-and individual-level socio-demographic factors.
Conclusions
This prospective nationwide study showed that the neighbourhood accessibility to fastfood outlets was independently associated with increased odds of diagnosed childhood obesity. This finding implicates that residential environments should be considered when developing health promotion programmes.
